Background: There has been no report of the vitamin D status of the professional athletes from Iran to date. This study was performed to evaluate the efficacy of weekly vitamin D supplementation on athletic performance in Iranian athletes expedited to Asian competition in Taipei, China, 2015. Methods: This study was a randomized controlled clinical trial. Seventy subjects were enrolled in the study. The athletes were randomly divided into two groups: vitamin D supplement (D; received 50,000 IU of vitamin D supplement weekly) and control (P, received a placebo weekly). Duration of the study was 8 weeks. Anthropometric, dietary, athletic performance, and biochemical evaluations were performed for all subjects in the beginning and in the end of the intervention period. Results: A significant rise in circulating 25(OH)D concentration was observed in D group (17.3 ± 16.9 ng/mL, P < 0.001), whereas in P group, there was a statistically significant decrement (−3.1 ± 8.4 ng/mL, P = 0.040). There were no either within-or between-group significant differences in Ergo jump, vertical jump, and agility tests. In strength leg press tests, both groups showed a significant improvement. However, comparisons of changes revealed that the improvement in D group was significantly higher than in P group (P = 0.034). Moreover, in sprint test (one repetition-Max, 1RM), only D group had a significant within-group improvement (P = 0.030). Conclusions: Weekly supplementation with 50,000 IU vitamin D resulted in nearly 17 ng/mL increment in circulating calcidiol. This increase was associated with significant improvement of power leg press and sprint tests in D-supplemented group.
Introduction
Vitamin D is largely known for its effects on calcium metabolism and bones health. However, a growing body of evidence has suggested a wide variety of other functions for vitamin D in the body, including immune regulation, protein synthesis, inflammatory response, cell growth, and skeletal muscle strength and function. [1] The possible relationship between vitamin D and physical function was known many years ago when seasonality of athletic performance was observed, that is, the performance was commonly better in late summer, whereas it had a decreasing trend in winter. [2] Because of this observation, ultraviolet (UV) irradiation was used to improve physical performance in a group of medical students. [3] Vitamin D has two main isoforms, D 2 or ergocalciferol, which is found in plant dietary sources, and D 3 or cholecalciferol, which is synthesized in skin upon direct exposure to solar beam. Though sun generously donates its warmth and UV rays to many parts of the world, poor vitamin D status is a global problem, surprisingly even in sunny areas. [4] Sun exposure behaviors, type of clothing, use of sunscreens, air pollution, and indoor living are among the determinant factors. [5] It is expected that athletes, as a part of general population, are affected by some degrees of vitamin D deficiency (VDD). Several observational studies endorse this notion. These observations raise very important questions as "is physical performance affected by vitamin D deficiency?" and if yes, "can athletic physical performance be improved by vitamin D supplementation?" The results coming from different studies are controversial. [6] [7] [8] One of the clinical features of severe VDD is muscle weakness and myopathy. [9] Discovery of vitamin D receptor (VDR) in skeletal muscle indicated its function in the myocytes and has attracted scientists' attention to the possible role of vitamin D athletic performance and sport injuries. [10, 11] Despite especial attention made to the diet of athletes, some micronutrient inadequacies may be neglected. It is generally believed that by having a balanced diet, there will be no need for supplementation. [12, 13] However, this notion may be over-simplistic. First, determination of dietary adequacy in athletes may be challenging. Micronutrient requirements of athletes may vary depending on duration, intensity, and the type of workouts. [14] Second, for some micronutrients, notably vitamin D, there may not be abundant dietary sources. [1] The importance of this issue lies in the fact that micronutrient status of an athlete can affect his/her physical performance. [15] As for vitamin D, undesirable vitamin D status has been associated with many chronic diseases including periodontitis, cardiovascular disease, cancers, type 2 diabetes, autoimmune disorders, infectious diseases, and neurological disorders. [1] Obviously, all these conditions could adversely affect athletic performance and could remarkably shorten duration of professional athletic life.
Though some investigators have reported the improving effect of vitamin D supplementation on physical performance, the subject is still controversial. [6, 16] Several studies have reported high prevalence of poor vitamin D status among different age and sex groups of Iranians. [17] [18] [19] However, there has been no report of the vitamin D status of the professional athletes from Iran to date. This study was performed to reach the following aims in Iranian athletes expedited to Asian competition in Taipei, China, 2015:
(1) to determine vitamin D status; (2) to evaluate the efficacy of weekly vitamin D supplementation in athletic performance.
Methods

Calculation of sample size
This randomized controlled trial (RCT) was done on national football and futsal athletes of both sexes. Sample size was calculated based on past studies and considering type I error α = 0.05 and type II error β = 0.20. [20] 
Study protocol
This was a double-blind RCT. Based on the calculated sample size, 70 national football and futsal athletes (18-to 23-year old) were enrolled in the study. They were healthy people without any physical injuries and immune insufficiency. They did not use sport or nutritional supplement, wanted to enroll in the study, and were accessible. The objectives and protocol of the study was explained for the subjects before they signed the informed consent form. Health examinations were performed.
General and demographic questionnaires were completed. Then, the athletes comprising 34 women (47.8%) and 36 men (52.2%) were randomly divided into two groups; that is, intervention, n 1 = 35, vitamin D supplement (D) and control, n 2 = 35, placebo (P). Duration of the interventional period was 8 weeks. Both vitamin D supplements (50,000 IU) and placebos (containing corn oil) were obtained from Zahravi Pharmaceutical Company. The supplement and placebo had similar shapes, colors, and size; they were given weekly to the intervention and control groups, respectively. [9] Though different doses of vitamin D has been recently examined in athletes (35,000 vs. 70,000 IU, weekly), findings indicated that there might potentially be adverse effects by using 70,000 IU vitamin D a week. [21] The weekly dose of 50,000 IU vitamin D seemed, therefore, appropriate to have both maximum beneficial effects and minimum potential adverse effects of the supplementation.
Anthropometric, dietary, athletic performance, and biochemical evaluations were performed for all subjects in the beginning and in the end of the intervention period. The study was approved by the Ethical Committee of the National Nutrition and Food Technology Research Institute. Figure 1 shows the study protocol.
Evaluation of general health
Health status was evaluated using clinical examination by different medical specialists (orthopedist, cardiologist, internist, and physical medicine specialist). Those athletes who had serious acute or chronic injuries were excluded from the study. 
Dietary assessment
Dietary intake was assessed using 24-hour dietary recall, which were performed four times (including a holiday) biweekly during 8 weeks intervention period. Dietary data were translated to energy and nutrients using Nutritionist 4 software (N-Squared Computing, USA).
Anthropometric measurement and evaluation of truncal fat
Weight was measured using a digital scale (Seca 755, Germany) to the nearest 0.1 kg. Height was measured using a stadiometer (Seca 213, Germany) to the nearest 0.1 cm. Body mass index was calculated using the formula weight (kg)/height 2 (m). Waist circumference was measured using a tape measure lies parallel to the floor and snug but without compressing the skin in iliac crest area with less clothing as well as possible. Truncal and visceral fat was evaluated using bioimpedance system (Viscan, AB-140, Tanita, Japan) .
Athletic performance
To evaluate physical performance, the following tests were applied: strength leg press test, Ergo jump test, vertical jump test, Illinois agility, test, and 40 yard speed test. The mean score of all tests was considered as the athlete's performance score.
Laboratory investigations
Blood collection and handling
Briefly, 5 mL of fasting venous blood was taken from all subjects. Blood samples were kept at room temperature (RT) for 30-45 min followed by centrifugation at 800g atRT. Sera, thus, separated were aliquoted in fresh and clean microtubes, which were then stored at −80°C till the day of analysis. 
Biochemical tests
Statistical analyses
Kolmogrov-Smirnov test was used for evaluating normality of data distribution. Quantitative and qualitative data were expressed by mean ± standard deviation and relative or absolute frequency, respectively. Within-between-group comparisons were done using paired t-test and Student's t-test, respectively. Comparisons of vitamin D status between two groups at baseline and the end of study were evaluated by Chi-square test. McNemar test was used for within-group comparison of vitamin D status. P < 0.05 was considered significant.
Results
Sixty-nine subjects completed the study; one from the control group could not finish the study due to injury. The study population comprised of 33 women (47.8%) and 36 men (52.2%). There was no significant difference in general as well as demographic [ Table 1 ], dietary intake (data not shown), or anthropometric variables [ Table 2 ] between two groups. Table 3 shows intra-and intergroup comparisons of 25(OH)D and PTH serum concentrations. Initial concentrations of both calcidiol and PTH did not differ significantly between groups. However, a significant rise in circulating 25(OH)D concentration was expectedly observed in D group (17.3 ± 16.9 ng/mL, P < 0.001), whereas in P group, there was a small but statistically significant decrement (−3.1 ± 8.4 ng/mL, P = 0.040). Serum PTH concentration significantly increased in P group, whereas in D group, no significant change occurred. Accordingly, between-group comparison of changes of serum PTH showed a significant difference (P = 0.046).
Initially, 66.7% in D group and 70.6% in P group had lower serum concentrations of 25(OH)D than 30 ng/mL. Finally, however, the percent of the subjects with undesirable vitamin D status showed a significant decrease only in D group (20%, P < 0.001) and an increase in P group (91.2%, P = 0.039). Table 4 demonstrates within-and between-group comparisons of physical functional tests. There were no either within-or between-group significant differences in Ergo jump, vertical jump, and agility tests. In strength leg press tests, both groups showed a significant improvement. However, comparisons of changes revealed that the improvement in D group was significantly higher than P group (P = 0.034). Moreover, in sprint test (one repetition-Max, 1RM), only D group had a significant within-group improvement (P = 0.030). However, comparison of between-group changes showed no significant difference (P = 0.345). 
Significance of differences in mean between the two groups (t-test)
Discussion
A significant rise in circulating 25(OH)D concentration was observed in D group, whereas in P group, there was a statistically significant decrement. There were no either within-or between-group significant differences in Ergo jump, vertical jump, and agility tests. In strength leg press tests, both groups showed a significant improvement, comparisons of changes revealed that the improvement in D group was significantly higher than in P group. Moreover, in sprint test (one repetition-Max, 1RM), only D group had a significant within-group improvement.
We found weekly supplementation with 50,000 IU (1,250 µg/week or ~178.6 µg/day) vitamin D resulted in nearly 17 ng/mL increment in circulating calcidiol corresponding to 0.1 ng/mL rise in 25(OH)D per 1 µg/day vitamin D daily intake. This is much less than earlier estimation that daily intake of 1 µg vitamin D would result in 0.48 ng/mL increment in serum calcidiol. [22] In our previous experiments, we found that daily intake of 1,000 IU (25 µg) vitamin D through fortified food or drink would result in about 12-15.6 ng/mL increase in circulating 25(OH)D corresponding to 0.48-0.60 ng/mL rise in calcidiol for 1 µg/d vitamin D intake. [23] [24] [25] The reason for this discrepancy could be the baseline concentrations of serum 25(OH)D in the current study, which were much higher than those in our previous experiments. Initial concentrations of serum calcidiol has a very significant contribution in the response to supplementation, that is, the higher in initial concentration the lower serum rise of calcidiol following supplementation. [26] The improvement in vitamin D status in D group did not result in any significant change in anthropometric or body fat measures. In contrast with this finding, we have already reported a small but statistically significant reduction in visceral fat due to improvement of vitamin D status in healthy adults. [25] Having an athletic body with minimum truncal and visceral fat, which can be less affected by supplementation in the current study, could be a possible explanation for this finding. In support of this notion, a significant decrease in waist to hip ratio was reported in overweight/obese young adults supplemented with 4000 IU/d vitamin D combined with resistance exercise, as compared with the placebo group. [27] Our finding of significant improvement of power leg press and sprint tests in D-supplemented group is noticeable. The Between-group comparison of changes of the variables. *Significant difference pivotal role of vitamin D in musculoskeletal health and its trophic function especially in elderly and athletes has attracted huge attention in recent years. [28] Studies on vitamin D effect on leg press are limited. Some studies showed that vitamin D supplementation has significant positive small effect on muscle strength. Supplementation of deficient people resulted in a significant improvement compared to those had 25 [OH]D level ≥30 nmol/L. People who had an increase of at least 25 nmol/L and in other studies 50 nmol/L 25[OH]D concentration within the duration of the study showed higher muscle strength. Supplementation 65 years or older people resulted in a significant improvement of muscle strength, but it was not shown for younger people. [29] Despite the evidence from many observational as well as some interventional studies for the association of vitamin D status and physical performance, this subject is still controversial. [7, 8] The identification of the VDR, its various polymorphisms, and variable expression with aging has provided some insight into the complex mechanisms by which vitamin D and its metabolic pathways may affect muscle function. The recognition of both genomic and nongenomic effects of vitamin D in skeletal muscle, with the resultant impact on both calcium metabolism and protein transcription, further illustrates the significance of vitamin D in muscle function. [30] Some studies have shown that daily doses of 800-1,000 IU vitamin D improve muscular strength and balance in older adults. [31] [32] [33] This effect is potentiated if D-supplementation is accompanied by resistance exercise. [34] A systematic review by considering several interventional studies with various durations (from 6 weeks to 6 months) and different vitamin D doses (from 4,000 IU/day to 60,000 IU/week) concluded that vitamin D supplementation increases muscular strength in upper and lower limbs of healthy adults. [35] Another study reported that vitamin D supplement has a small beneficial effect on muscular strength and more studies on dosage, mode of administration and duration are needed to maximize the effect. [36] On the other hand, a meta-analytic study reported that vitamin D supplementation may not be efficient in terms of muscular strength in adults with circulating concentrations of 25(OH)D >10 ng/mL (25 nmol/L). [37] The number of vitamin D supplementation studies in athletes is much less than those on other subpopulations. Recently, a study reported that even a single dose of 150,000 IU oral vitamin D resulted in improved muscular strength in elite Judo athletes who had vitamin D insufficiency before supplementation. [38] In support of our finding of improved sprint test following vitamin D supplementation, in another RCT, 5,000 IU/day vitamin D supplementation for 8 weeks resulted in significant improvement of sprint and vertical jump of supplemented athletes as compared with the control group. [39] In contrast, biweekly supplementation with 50,000 IU vitamin D of professional rugby athletes for 11-12 weeks did not result in improvement of their performance tests, including sprint. It is noteworthy that the baseline 25(OH)D concentrations of all subjects were >20 ng/mL (50 nmol/L). [40] Along the same line of evidence, using higher doses of vitamin D (5,000 IU/day) in professional football players did not have any beneficial effect on 30 m sprint running time after 8 weeks of supplementation. [41] The reasons of these controversial results could be the type of sport (indoor vs. outdoor) and initial calcidiol concentrations, dosages used, route of administration, duration of supplementation, and performance tests used to evaluate athletes.
To date, data coming from experimental animal models propose various tenable mechanisms for the role of vitamin D in neuromuscular adaptation and remodeling following exercise and injury. [42] Some studies have revealed the association of circulating 25(OH)D and androgens with a similar variations [43] which is independent of vitamin D-related gene polymorphisms. [44] However, post hoc analyses of three small RCTs in men with normal initial serum concentrations of testosterone, did not confirm any significant rise in serum testosterone due to vitamin D supplementation.
[45] Vitamin D-mediated enhanced delivery of insulin-like growth factor to the muscles is another proposed mechanism for the effect of vitamin D on muscular performance. [46] Notwithstanding, the beneficial effect of vitamin D on athletic performance may be related to the vitamin D isoform as a research group found that 6 weeks vitamin D 2 (ergocalciferol) supplementation in National Association for Stock Car Auto Racing pit crew athletes not only decreased serum concentrations of 25(OH) D 3 by 21% but resulted in augmented muscular damage biomarkers, as well.
[47]
Conclusions
We found high occurrence of undesirable vitamin D status among the studied Iranian professional athletes. Apart from possible adverse effects of VDD on general health, this condition could impair athletic performance. Though we found weekly intake of 50,000 IU vitamin D improved certain athletic performance tests in our subjects, the optimum dosage for athletes needs further studies. But until then, regular checking of serum calcidiol especially in indoor athletes and (if needed) appropriate intervention is warranted.
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